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A meta-analysis is presented of the empirical findings of 10 years of choice 
experiment applications to water and wetland management issues in Australia.  A 
random effects Tobit model is estimated to investigate the suitability of using existing 
willingness to pay (WTP) values derived from estimated choice models for the 
purpose of benefits transfer.  The random effects model outperforms the fixed effects 
model in terms of predictive power.  An analysis of variance reveals that the survey 
method, sample size, and statistical model are important determinants of estimation 
precision and error.  The use of different attributes, measurement units and levels in 
choice experiments makes it hard to compare WTP values for environmental 
attributes from different studies.  The benefits associated with current and possible 
future use of the water resources are valued significantly higher than the nonuse 
benefits.  Except for the systematically lower values for the Fitzroy, WTP values are 
more or less transferable across catchments.  Other important control variables when 
transferring the results from choice models across water and wetland policy contexts 
include income levels of the population of beneficiaries and methodological study 
characteristics such as the number of choice tasks in the choice experiment. 
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INTRODUCTION 
The use of non-market valuation (NVM) techniques in environmental policy and 
decision-making in Australia is limited for a number of reasons.  The high costs of 
undertaking original valuation research and the perceived inadequacy of stated 
preference studies are important underlying factors (Bennett, 2005).  In cases where 
NMV is considered appropriate and useful, the information provision underpinning 
policy often relies on benefits transfer, i.e. non-market values are transferred from 
existing studies carried out in a similar policy context (eg. Morrison and Bennett, 
2004).  Benefit transfer (BT) to inform environmental policy and decision-making is 
an attractive, cost-effective alternative to expensive and time consuming original 
valuation research.  Its success depends, however, on the availability of appropriate 
studies and values and the way in which the benefit transfer process is performed. 
Choice experiments (CE) are considered a superior approach to benefits 
transfer than single point transfers (such as from Contingent Valuation (CV) models), 
given the emphasis of CE on different environmental and policy characteristics 
captured through attributes and policy scenarios (Morrison et al., 2002).  The 
accuracy of BT can be further improved by pooling data in a meta-analysis.  Meta-
analysis (MA) is the statistical analysis of the summary findings of empirical studies 
(eg. Glass et al., 1981; Wolf, 1986) and has been applied to a number of NMV 
studies including wetlands (Brouwer et al., 1999; Woodward and Wui, 2001; Brander 
et al., 2006).  This means that the use of BT functions or meta-analysis is likely to be 
more accurate than simple point value transfers because of the greater potential for 
relevant adjustments to be made (Rolfe, 2005). 
It is ten years since the first choice experiment was applied to water related 
issues in Australia.  A considerable body of empirical evidence has been collected 
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since, but a systematic analysis of the existing values is missing.  In order to inform 
public investment decisions in Australian water management, it is important to 
identify how accurate estimated values have been, and to identify whether values 
can be combined for BT purposes.  The main objective of this paper is to apply MA to 
the available CE literature in Australia, focusing on the non-market values of river 
and wetland attributes with the aim of explaining the variation found in willingness to 
pay (WTP) values.  To this end, WTP values associated with marginal changes in 
water and wetland related attributes in existing CE are made comparable.  Marginal 
WTP values are included in the MA and not the estimated compensating surplus 
(CS) measures for different policy scenarios given the use of a wide variety of non-
water related attributes in the estimated policy scenarios, such as the protection of 
aboriginal cultural sites or region specific migration patterns.  
The MA presented here is the first of its kind in the domain of environmental 
valuation to examine the summary results from only CE studies
2.  Despite the fact 
that CE have been applied extensively since the 1990s to a variety of environmental 
issues worldwide, a systematic comparison of findings and explanation of differences 
in estimated prices is lacking in the literature.  The MA reported in this paper 
improves the prospects for BT in two different ways.  First, the analysis is an 
important step towards the development of a transferable set of value estimates for 
the environmental attributes of water and wetlands in Australia, pooling ten years of 
CE-based water resource valuation research.  Second, the analysis identifies key 
factors that differentiate between values from CE, pinpointing areas where analysts 
should exercise more caution in the BT process. 
                                                 
2  Other MA studies such as Johnson et al. (2005) incorporate CE studies along with results from other 
non-market valuation techniques.  
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EXISTING STUDIES 
The first stage in the application of the MA was to identify suitable CE involving non-
market values of rivers and wetlands in Australia.  After an extensive search of the 
published and grey literature and contacting various environmental valuation experts 
in Australian universities and research institutes
3, eight studies were found where CE 
were applied to catchments and rivers, and three studies where CE were applied to 
wetlands (refer Table 1).  The studies related to wetlands are shaded grey in Table 1.  
Five studies were published in peer reviewed environmental economics journals (of 
which four are in The Australian Journal of Agricultural and Resource Economics), 
four studies came out as reports, one was published as part of a book, and one study 
was presented at the 51
st Annual Conference of the Australian Agricultural and 
Resource Economics Society in Queenstown, New Zealand
4.  
A significant ‘authorship effect’ exists: Jeff Bennett (Australia National 
University) collaborated in six of the eleven studies, while John Rolfe (Central 
Queensland University) and Mark Morrison (Charles Sturt University) are principal 
investigators in four studies. 
TABLE 1 ABOUT HERE 
The studies cover a period of ten years of CE research on water and wetlands 
in Australia.  Almost half of the studies were conducted in the year 2000.  Two 
studies were carried out before 2000, and five studies after 2000.  The spatial 
coverage of the studies is presented in Figure 1.  The largest catchment in Australia, 
the Murray Darling, is included in the studies (covering the states Queensland, New 
                                                 
3  A search of the ENVALUE database revealed that the majority of studies (65%) were related to 
water.  The database has not been updated since April 2004, and no relevant CE could be sourced 
from it. 
4  Some of the journal papers were also included in the book ‘Choice Modelling and the Transfer of 
Environmental Values’, edited by John Rolfe and Jeff Bennett and published by Edward Elgar in 2006. 
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South Wales and Victoria), as well as the Fitzroy and the Great Barrier Reef in 
Queensland.  In the state of Victoria, the Goulburn catchment is included and in 
South Australia the Upper South-East region.  Also included are the protected Gwydir 
Wetlands and Macquarie Marshes in north and central New South Wales. 
FIGURE 1 ABOUT HERE 
Of particular interest are the WTP values estimated in these studies and what 
they refer to.  Only WTP values related to a river or wetland attribute have been 
selected from each case study.  The MA aims to explain the variation in these values 
across case studies with the help of differences in experimental design 
characteristics, including the depiction of the attributes.  All studies asked 
respondents for their WTP for an improvement of the current situation, i.e. estimated 
a Hick’s compensating surplus welfare measure.  In most cases the WTP referred to 
an annual payment (6 studies).  Three studies asked for a one-off payment only, 
while two studies asked for both an annual and one-off payment.  
The WTP values derived by Rolfe and his colleagues in Queensland (studies 
3, 8 and 10) refer to ‘healthy waterways’.  Healthy waterways are a popular policy 
concept embedded in the South-east Queensland Healthy Waterways Strategy 
(Australian Government, 2006), and are also incorporated, for example, in the 
objectives of Waterwatch Australia, which is in turn supported by the Commonwealth 
Government’s Natural Heritage Trust.  The precise definition of what constitutes a 
healthy waterway is somewhat unclear, and usually described in generic terms of a 
more or less ‘stress-free’ water system.  The attribute is furthermore measured in two 
different ways in existing studies: per kilometer (study 3) and as a percentage (study 
8 and 10) of a waterway in a catchment in good health. 
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The word ‘healthy’ is also used for wetlands (study 6) and native vegetation 
(studies 5 and 11).  In the former case, the attribute is measured in AU$ per 1,000 
hectares, in the latter case as a percentage of the river length covered with healthy 
native vegetation.  Different measurement units are also used, for example, for water 
birds: per species (study 5 and 11), as a percentage change in population levels 
(study 6) or as the number of years that water birds breed in a wetland (study 2).  
The same applies to fish species. This attribute is either measured per number of 
species (study 5), as a percentage increase of the number of species (study 6), or as 
a percentage increase of both species and population level (study 11).  In 4 studies, 
additional species are included in the list of attributes besides water bird and fish 
species, such as the number of ‘endangered and protected’ species (study 2), ‘other 
fauna’ species (study 5), ‘threatened’ species (study 6), and ‘animal’ species (study 
11)
5.  
Three studies focus explicitly on water quality (studies 4, 5 and 11), the levels 
of which are measured in all cases through recreational use characteristics on a 
water quality type of ladder (see also Carson and Mitchell, 1993), i.e. water that is 
suitable for fishing or swimming (the latter representing the highest quality level).  An 
incompatibility problem is encountered again when examining the metrics used.  The 
marginal value of water quality is measured in study 4 as AU$ per 10 kilometers 
restored waterway suitable for fishing or swimming (no distinction is made between 
quality levels), in study 5 as AU$ for swimmable and AU$ for fishable water quality 
across the whole river, and in study 11 as a percentage of the river suitable for 
primary contact recreation (no distinction is made between quality levels).  These are 
the only studies measuring use values, the other studies focus primarily on the non-
                                                 
5  Some of the study designs suggest overlap in the environmental attributes used, i.e. presence of 
correlation between attributes. 
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use values of water resource conservation and management.  Study number 7 
measures so-called option values of water, i.e. water savings for possible future use, 
measured as a percentage of the water that is not committed to the environment or 
allocated to agriculture, industry or households. 
Study number 1 measures WTP values for the improvement of the 
‘environmental flow’ of rivers.  Like healthy waterways, environmental flow is not very 
clearly defined, and refers generally to the allocation and availability of water for the 
environment (i.e. ‘ecosystem health’).  Only two levels are distinguished, which relate 
to the spatial coverage of the attribute (‘some’ or ‘all’ rivers), rather than its quality.  
Besides the different attributes used in the CE, the studies differ in a number 
of other important ways.  These differences refer to sample and survey 
characteristics, choice design characteristics, statistical model characteristics, and 
target population (beneficiary) characteristics.  Study characteristics are summarized 
in Table 2. 
TABLE 2 ABOUT HERE 
Sample sizes varied between 390 and almost 2000 respondents in mail 
surveys, and between 450 and 1670 in questionnaire drop-off and pick-up 
procedures.  The response rate was higher in the latter case (49-59%) compared to 
mail surveys (16-38%).  Face-to-face interviews were only conducted in the first 
study.  In the other studies respondents were able to complete the questionnaire on 
their own at home.  Nested models were used to relax the assumption of 
independent and identically distributed (iid) error terms in studies relying upon mail 
surveys
6, but were rarely applied in the studies with drop-off and pick-up sampling 
                                                 
6  In a first step, respondents are assumed to choose between the status quo and the presented 
alternatives to the status quo.  In a second step, the choice between the alternatives is estimated. 
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procedures
7.  Although some variation exists between studies in terms of the number 
of choice tasks, most studies presented respondents 5 choice tasks where they had 
to choose between 3 alternatives: two policy alternatives and the status quo.  The 
first study involved most choice tasks, namely 9.  The alternatives were mostly 
unlabelled and were referred to as option A, B and C (see Blamey et al., 2000 for a 
discussion of the effect of policy labels in CE).  The number of attributes was usually 
5 (including the cost price).  Existing water rates and local tax rates were used most 
frequently as the economic instrument through which respondents were asked to 
pay, followed by a (environmental) levy.  The last study (11) used compulsory 
payments to a trust fund.  
Finally, a majority of the respondents in the studies were men (55% compared 
to 50% in the states where the studies were conducted, based on data from the 
Australian Bureau of Statistics - ABS), aged between 40 and 53 years.  Hence, older 
men were slightly overrepresented in the samples.  Average household income (in 
2006 prices) was AU$53,000.  This is higher than the average taxable income of 
AU$47,000 per person (based on the ABS 2003 figures converted to 2006 prices) in 
the four states in which the studies were carried out.  The comparison is somewhat 
impaired in view of the fact that average income reported in the studies is usually 
based on disposable household income, and in a few cases on respondent pre-tax 
income. 
THE META-MODEL 
In this section, the meta-model and data retrieved from the existing studies are 
presented.  The data structure in MA is usually complex.  Values are generated 
                                                 
7  It is possible to also violate the iid assumption in nested models.  Except for the last study, none of 
the reviewed studies presented the results of the Hausman test to check the iid assumption (for a 
more detailed discussion of this test, see for example Hensher et al., 2005).  
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based on different studies carried out at different locations and points in time across 
different groups of people using different value elicitation formats.  Using the 
summary statistics of these studies in a pooled sample is likely to violate the usual 
statistical conditions for linear regression analysis.  Besides a limited number of 
observations, censored data (i.e. positive WTP values only) and heteroscedasticity 
(i.e. intra-study effects due to for instance similar design) often play a role, which 
have to be accounted for in order to obtain valid and reliable parameter estimates 
(Brouwer et al., 1999).  
The meta-model used to predict the marginal rate of substitution between 
money income and a particular water or wetland attribute can be described more 
generally as follows: 
i pi p si s gi g ij j i X X X X MWTP ε β β β β + + + = =        ( 1 )  
where MWTPi is the vector containing the marginal WTP values found in study i and 
Xij represents the design matrix of covariates, consisting of good and site 
characteristics (measured through the vector βg), study and methodology 
characteristics (measured through the vector βs), and population characteristics 
(measured through the vector βp).  The errors are captured by the vector εi. The 
number of observations is equal to the number of data points taken from the studies 
involved.  
In order to account for the limited dependent (censored) nature of the 
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i ij j
*
i X MWTP ε + β =  ;  ε~N(0,σ
2)          ( 3 )  
where   is the unobserved (latent) dependent variable, MWTPi observed 
marginal WTP and the error term εi is assumed to be normal distributed with zero 
mean and variance σ
2.  In order to account for heteroscedasticity, i.e. cross-sectional 
correlations between multiple observations from the same or different studies, model 
variance is made a function of the covariates.  Making the errors depend on 
explanatory factors and including them in the random part of the model, a random 
effects Tobit model is obtained where the error becomes a composite matrix 
including the stochastic disturbances associated with the fixed and random effects in 
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εi is the residual associated with the intercept and uij with the slope parameter βj.  
In this MA study, 113 observations were retrieved from the 11 studies 
presented in the previous section.  This equals, on average, 10 values per study. The 
maximum number of values found in one study is 36 (Morrison and Bennett), while 
the lowest number of values is one (Van Bueren and Bennett).  A scatter plot of the 
WTP values is presented in Figure 2.  Values have been converted to 2006 price 
levels and refer to annual and one-off marginal WTP for an average household in 
each sample for the relevant environmental attributes as discussed in the previous 
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section
8.  The values are expected to differ, because they refer to different non-
market goods and services provided by water and wetlands, just like CS values from 
different CV or CE studies are expected to differ when put together in a MA, because 
of differences in, for example, environmental good provision.  The difference between 
the marginal values presented here and the CS values from CE studies is that the 
former measure a specific marginal change in environmental good provision, i.e. the 
value for a single attribute (eg. WTP in $ per household per year for restoring a 
specific river stretch into good health), while the latter measure the value of 
simultaneous (discrete) changes in multiple attributes underlying environmental good 
provision, eg. WTP in $ per household per year for a river restoration policy scenario 
including area of farmland restored, number of species and cultural heritage sites 
protected, and percentage of people staying employed in the area. 
FIGURE 2 ABOUT HERE 
The study by Morrison and Bennett (2004) produces the highest WTP values.  
The top ten highest values (>AU$55) are from this study and relate to one-off values 
for fishable and swimmable water quality in the Gwydir, Bega, Murrumbidgee, 
Georges and Clarence catchments.  Blamey et al. (1999) also yield relatively high 
annual values for the improvement of the environmental flow in ACT rivers (AU$54 
and AU$29). Morrison et al. (2002) found a similar high annual value for each extra 
year that water birds breed in the Macquarie marshes (AU$31).  
A relatively high number of low values are found as well.  Twenty percent of all 
observations have a value of less than one dollar, mainly for converting or keeping 
waterways in good health in the Fitzroy Basin.  The mean annual and one-off WTP 
                                                 
8  As expected, the one-off values are significantly higher than the annual values (Mann-Whitney Z=-
2.605; p<0.009). 
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values are presented in Figure 3 on a study-by-study basis.  The red bars refer to 
one-off values and the blue bars to annual values.  (W) indicates that the study 
valued wetland attributes.  Besides the distinction between annual and one-off 
payments, an important question is what other underlying driving forces are behind 
these differences in WTP values. This will be addressed in the next section. 
FIGURE 3 ABOUT HERE 
EXPLAINING WTP FOR THE ENVIRONMENTAL ATTRIBUTES OF RIVERS AND 
WETLANDS  
Possible Explanatory Factors 
Marginal WTP values were first categorized according to different good, site and 
study characteristics.  A distinction is made between annual and one-off payments, 
resulting in relatively low numbers of observations for some categories (Table 3). 
Hence, the results in Table 3 have to be interpreted with the necessary care. 
TABLE 3 ABOUT HERE 
In most cases where estimates are available for both annual and one-off 
payments, the latter are, as expected, higher than the former
9.  Irrespective of the 
periodicity of the elicited WTP values, marginal values are generally significantly 
higher for rivers than for wetlands.  Healthy waterways have a significantly higher 
WTP than healthy wetlands, but only in the case of annual payments.  No significant 
difference can be detected between the one-off payments for healthy wetlands and 
native vegetation, and also the difference between the protection of water birds and 
native fish species is statistically not significant at the ten per cent level.  Based on 
annual payments, no significant difference can be found between healthy waterways 
                                                 
9  See, for example, Kim and Haab (2003) for a more detailed discussion of the effect of ‘temporal 
embedding’ and implied discount rates. 
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and option value.  However, one-off WTP is significantly higher for swimmable than 
for fishable water quality, suggesting sensitivity to scope based on the applied water 
quality ladder. 
Turning to the WTP values per catchment, the improvement of the 
environmental attributes related to the Fitzroy and Upper South East is valued 
significantly lower compared to the other catchments based on annual payments
10.  
The observed difference between WTP for the Fitzroy River Basin and the Upper 
South East region is not significant.  Examining the one-off payments, no significant 
differences can be found between the two catchments located in south and north-
central New South Wales, Murrumbidgee and Gwydir, and the two catchments 
located in the southern part of Australia, Goulburn in central Victoria and the upper 
south east in South Australia.  Mean WTP is highest for the ‘other’ catchments, but 
the difference between this value and the values for the two catchments, 
Murrumbidgee and Gwydir, is statistically not significant. 
Studies carried out before 2000 produce higher WTP values than studies 
carried out after 2000, but only in the case of annual payments (note that the number 
of observations is extremely low).  One-off WTP is significantly higher in studies 
conducted in 2000 than in studies carried out after 2000, but no significant difference 
can be found between annual WTP in 2000 and after 2000.  Mail surveys generate a 
significantly higher WTP, but again only in the case of one-off payments
11.  
Payments through water rates are also significantly higher than payments through 
other payment modes.  Local taxes generate the lowest WTP.  No significant 
                                                 
10  The other catchments are merged because of their low number of observations. 
11  Mail surveys were associated with lower participation rates, so the results may be influenced by 
some level of self-selection bias. 
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difference can be detected between one-off local taxes and the compulsory donation 
to a trust fund used in the Goulburn study.  
The more choice tasks included in the CE, the higher derived WTP.  However, 
the observed differences are not statistically significant at the ten percent level in the 
case of annual payments.  The difference found for one-off payments suggests, 
however, that studies that repeated the choice task five times yield significantly lower 
prices than studies consisting of six or more choice tasks.  Nested logit models 
yielded significantly higher one-off values than conditional logit models, but the 
difference between the two model formats was not significant in the case of annual 
payments.  
Significant authorship effects are detected when comparing average one-off 
WTP found in studies carried out by Jeff Bennett, Mark Morrison and John Rolfe.  
The latter author produces the lowest WTP, while Morrison’s studies generate the 
highest WTP, as could also be seen from Figure 2.  No significant difference exists 
between these two authors when comparing the values elicited based upon an 
annual payment structure. 
Finally, as a preamble to the assessment of the meta-model’s predictive 
ability, the precision level of the estimated WTP values (i.e. error margins) was 
examined.  Most studies reported marginal WTP values derived from the 
environmental attributes included in the CE and their 95 per cent confidence 
interval
12.  Variation coefficients ( μ σ ˆ / ˆ ) were calculated from these confidence 
intervals and cross-tabulated against a number of covariates in a sort of analysis of 
                                                 
12 For two studies where this information was missing, the authors were contacted and asked - to no avail - if 
this information was available and, if not, could still be provided. The missing standard errors for these 
two studies were calculated based on mean WTP calculated from the available number of observations 
(n=38). 
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variance (ANOVA). The key methodological results from this analysis are presented 
in Table 4.  Differences due to the partitioning of the data were tested with the help of 
the non-parametric Mann-Whitney test
13.  
TABLE 4 ABOUT HERE 
No significant difference could be detected between the variation coefficients 
for annual and one-off payments, and the data were therefore pooled.  As expected, 
the larger the sample size, the higher the precision of estimated WTP.  Samples of 
200 or less respondents produce significantly less accurate estimates than samples 
containing more than 200 respondents.  No significant difference can be detected 
between samples of 200-300 and 300-500 respondents, but samples larger than 500 
generate significantly more precise estimates than samples with 200-500 
respondents.  Mail surveys too produce significantly more accurate estimation 
results.  The confidence intervals around the estimated WTP values derived from 
mail surveys are about half the size of the same intervals based on drop-off and pick-
up sampling. A similar result is found for the estimated statistical models.  The 
variation coefficient of the nested logit estimates is almost half the size that of the 
conditional logit models, hence producing much lower error margins. 
The variation across payment vehicles is not very high and ranges between 26 
per cent (local tax) and 37 per cent (trust fund).  The variation is nevertheless 
statistically significant at the ten per cent level, except for the difference between 
water rates and local taxes and between local taxes and environmental levies.  The 
relatively high WTP derived from the studies carried out by Morrison have, on 
                                                 
13 The Kolmogorov-Smirnov test convincingly rejects the null hypothesis of normal distributed variation 
coefficients (Z=3.856; p<0.001). 
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average, the lowest error margin
14 (25%), while the relatively low prices from the 
studies by Rolfe have the highest variation coefficient (52%). 
The Meta-Model Results 
The possible explanatory factors were combined in the multivariate Tobit regression 
model.  Various combinations of covariates were tested in the model’s fixed and 
random part.  The statistically best-fit fixed and random effects models are presented 
in Table 5, containing statistically significant factors at the ten percent level only
15.  
The estimates for the regression coefficients are obtained through maximum 
likelihood (ML) techniques.  Since the Tobit estimates do not reflect marginal effects 
(as OLS estimates do), they have been adjusted using the cumulative standard 
normal distribution function in order to reflect their marginal effects (Halstead et al., 
1991).   
Significant clustering of values was found around study year, not around 
authors, the applied statistical model or any of the other covariates included in the 
fixed part.  The outcome of the Likelihood Ratio test confirms that the standard error 
of the random effects parameter associated with study year (σu) is significantly 
different from zero (χ
2 = 17.27; p<0.001).  The estimated fixed effects Tobit model 
includes dummy variables for the years in which the studies were carried out (before 
and after 2000). Both the fixed and random effects models are presented to illustrate 
the robustness of the findings. The implicit prices have been transformed into their 
natural log form to improve the statistical fit.  Controlling for a wide variety of 
                                                 
14  It has to be noted that the variation coefficients for the studies by Morrison were largely generated 
from the reported WTP values, not on the basis of the standard errors or confidence intervals.  These 
were not reported in most of Morrison’s studies. 
15  No significant impact could be detected for covariates such as ‘average respondent age’, ‘share of 
male respondents’, ‘catchment size measured in km
2’, ‘number of alternatives’, ‘whether or not the 
alternatives are labelled’ or ‘number of attributes’.  The covariates ‘response rate’ and ‘survey method’ 
are highly correlated, and the former is therefore excluded from the regression analysis in order to 
avoid multicollinearity. 
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explanatory factors, the distinction between annual and one-off payments is 
statistically insignificant and therefore not included in the models presented in Table 
5. Also the constant is not significant
16.  
TABLE 5 ABOUT HERE 
A distinction is made again between (i) good and site characteristics, (ii) study 
characteristics and (iii) population characteristics.  The environmental attributes 
distinguished in the various CE are, as expected, all statistically significant.  Healthy 
waterways constitute the baseline in the estimated model presented in Table 5, 
meaning that the parameter estimates of the various attributes reflect marginal 
values compared to this specific attribute.  Only the use and option values have a 
positive coefficient, i.e. are valued significantly higher than the non-use value 
associated with healthy waterways.  Use value is measured here through the 
covariate water quality (fishable and swimmable water quality merged into one 
category).  The WTP values related to the other (non-use) environmental attributes 
are, ceteris paribus, significantly lower than the value attached to healthy waterways, 
including healthy wetlands, native vegetation, the presence of native fish species and 
water birds.  
Turning to the study characteristics, WTP estimates appear to decrease and 
become more conservative in time, possibly due to research learning effects and the 
introduction of improved elicitation formats.  Studies carried out before 2000 generate 
significantly higher values than studies carried out in 2000 (the base year), while 
studies carried out after 2000 produce significantly lower values.  Another important 
indicator of study reliability is sample size.  Larger samples yield, ceteris paribus, a 
                                                 
16  The fact that the constant term is excluded means that McFadden’s (1994) pseudo R-square 
cannot be calculated.  Including the constant term in the fixed effects model presented in Table 5 
yields a pseudo R-square of 49.5 per cent.  Note that this pseudo R-square lacks the straightforward 
explained variance interpretation of R-square obtained through OLS regression. 
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significantly lower WTP.  Less accurate WTP estimates (measured here through the 
standard error) inflate WTP slightly, but significantly.  Studies using local taxes as the 
payment vehicle also produce significantly higher value estimates in the fixed effects 
model, but this effect is insignificant in the random effects model.  Contrary to the 
univariate results presented in the ‘Predictive Power and Errors’ section, the payment 
vehicle used in the CE hence has no impact on WTP in the multivariate model.   
Studies consisting of 6 instead of 5 choice tasks also had significantly higher WTP 
values.  This effect decreases if more than 6 tasks are used, but WTP is in that case 
still significantly higher than if the CE consisted of 5 tasks. 
Finally, household income has, as expected, a significant positive impact on 
observed WTP, implying that an increase in ability to pay increases WTP.  Given the 
double log-form, the estimated parameter reflects the constant income elasticity of 
marginal WTP.  As for most CV studies (Kriström and Riera, 1996), the coefficient is 
less than one, i.e. inelastic.  A one per cent increase in annual household income 
results, ceteris paribus, in a 0.08 to 0.14 per cent increase of marginal WTP.  
PREDICTIVE POWER AND ERRORS 
Average predicted WTP based on the estimated Tobit models is significantly lower 
than actually observed WTP.  The random effects model has a slightly better 
predictive power than the fixed effects model.  The predicted value based on this 
former model is 73 per cent lower than the actually observed value, whereas the 
average predicted WTP based on the fixed effects model is 85 per cent lower.   
Calculating the mean absolute percentage errors (MAPE)
17, the highest errors are 
found for the lowest observed WTP values (refer Figure 4).  
                                                 
17  Mean absolute percentage errors are defined as [ |Yobserved-Ypredicted| / Yobserved]*100) (Brander et al., 
2006).  
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FIGURE 4 ABOUT HERE 
The lowest errors are found, on average, in the third quartile of the ordered 
data, and are 59 and 41 per cent for the fixed and random effects model respectively.  
Differences are also found between the two models when examining the distribution 
of the prediction errors.  Eleven per cent of the predicted WTP values have an error 
of less than ten per cent based on the random effects model (3% in the case of the 
fixed effects model), 30 per cent have an error of less than 25 per cent (10% in the 
case of the fixed effects model), and 41 per cent of less than 50 per cent (35% in the 
case of the fixed effects model).  Twenty per cent have an error between 50 and 75 
per cent (35% in the case of the fixed effects model).  A quarter of the predicted WTP 
values come with an error of more than 100 per cent (19% in the case of the fixed 
effects model). 
These prediction errors were compared to the transfer errors found in the 
available BT studies in Australia.  Only Morrison et al. (2002) report the actual errors 
involved when transferring estimated values across two different wetlands in 
Australia, with values elicited from a similar urban population in Sydney.  Differences 
in the estimated compensating surplus measures for a sub-set of policy scenarios 
ranged between 4 and 66 per cent.  Re-examining the reported marginal WTP 
values, errors are found ranging from 10 to 150 per cent depending on the attribute 
involved.  The highest average transfer error (65%) is found for breeding birds in 
wetlands, followed by the presence of endangered and protected species (20%) and 
the increase in wetland area receiving water (15%).  A closer look at the WTP values 
reported in Morrison and Bennett (2004) for five rivers in New South Wales reveals 
that the transfer errors range between 0 and 240 per cent.  The lowest average 
errors (10%) are found for water quality measured as swimmable and fishable 
18 R. Brouwer 
quality, and the highest error for the presence of native fish species in rivers (95%).  
Hence, on average, these transfer errors seem to be lower than the average 
prediction error from the MA, most probably due to the fact that the amount of control 
in the individual BT studies is higher as a result of the use of an identical CE design.  
The errors furthermore fall within the range of transfer errors for CV studies reported 
in Brouwer (2000). 
The acceptability of these levels of errors and the potential change in WTP 
depends on the purpose for which they are needed.  In applications of cost-benefit 
analysis where there is little risk that changes in WTP will change the sign of the net 
present value, higher error margins may be acceptable.  Where WTP values are 
being used for more definitive purposes, such as setting compensation for damages, 
then high error levels may not be acceptable.  
CONCLUSIONS 
The main objective of this study was to present a meta-analysis of the results of 10 
years of choice experiment applications to water and wetland management issues in 
Australia.  The study is unique in that it is the first of its kind to systematically 
synthesize the empirical results from multi-attribute utility choice experiments only.  
Meta-analysis offers a transparent structure to understand underlying patterns, 
relationships and causalities related to the implicit prices derived from existing 
discrete choice models.  The use of different attributes, measurement units and 
levels in choice models impairs straightforward comparison, and constitutes a major 
obstacle to the use of meta-analysis in this area.  The limited number of studies and 
component observations extracted in the specific context of water and wetlands are 
another cause of concern, undermining the meaningfulness of the statistical results.  
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The results presented here have to be interpreted with the necessary care and are at 
most a first stepping stone of preliminary findings. 
Simple dummy variables were included in the meta-analysis to control for the 
variety of environmental attributes to describe and value water and wetland 
resources in Australian catchments.  The attributes are, as expected, statistically 
significantly different, indicating that marginal WTP values are indeed driven by the 
characterization of water and wetland resources in the choice experiments.   
However, there are concerns about the extent to which the attributes and 
measurement units used in the case studies are (1) meaningful and understandable 
to the general public (eg. how are ‘healthy waterways’ interpreted); and (2) 
uncorrelated from a scientific and public perception point of view.  The applied survey 
methods and statistical models add to these concerns in terms of possibly correlated 
choices over choice sets, which remain - if present - uncorrected, biasing the results 
in an unknown way.  Other information that may impact on the reliability of the results 
but were not recorded in most of the studies includes the extent of protest votes, 
serial non-participation or selection bias. 
The results indicate that benefits associated with current and possible future 
use of the water resources are valued significantly higher than nonuse benefits.  No 
significant variation could be detected for WTP between catchments once control 
was included for the environmental attributes, except for the systematically lower 
values for the Fitzroy River Basin.  This suggests that the marginal WTP values are 
more or less transferable across catchments based on the estimated meta-model.  
Other important control variables when transferring the results from CE across water 
and wetland policy contexts are income levels of the population of beneficiaries and a 
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number of methodological study characteristics, including the number of choice tasks 
used to elicit the WTP values.  
A random effects model was estimated to account for heteroscedasticity and 
investigate the suitability to use specific prices in benefits transfer, where low 
variance is considered an important indicator for transferability in the sense that 
study results are better suited for comparison and can be more easily put together in 
a value transfer exercise.  An examination of the variation coefficients associated 
with estimated WTP revealed that the survey method, sample size, and statistical 
model are important determinants of estimation accuracy.  More precise estimates 
were available from mail surveys instead of drop-off and pick-up surveys, from 
samples of over 500 respondents (reducing the error to less than 20%) and from the 
use of nested logit instead of conditional logit models.  Accounting for temporal 
variance in the random effects model appeared to slightly, but significantly, increase 
the sample variance measured through the standard deviation of marginal WTP.  The 
random effects model outperforms the fixed effects model in terms of predictive 
power.  Nevertheless the prediction error of the estimated model is never lower than 
40 percent.  The question whether or not this is considered an acceptable transfer 
error is subjective and depends on policy and decision-maker demand for accurate 
and reliable non-market valuation estimates in water and wetlands policy appraisal. 
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Figure 2.   Scatter plot 2006 marginal WTP values (implicit prices) by study 
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Figure 3.  Mean WTP values for water and wetland related attributes per year and 
as one-off payments per study  
 
 















Explanatory note: (W): wetland study. Red bars refer to one-off payments, blue bars to annual 
payments. Error bars represent standard errors. 
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Explanatory note: FE: fixed effects Tobit model; RE: random effects Tobit model. 
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Table 1.   Overview of studies included in the meta-analysis 
  Authors  Study year  River catchment/wetland  Target population  WTP 
1  Blamey et al. (1999)  1997  ACT rivers (not specified)  ACT  $/household/year for an improvement of environmental flows 




$/household one-off per 1000 km
2 receiving more water / per year waterbirds breed 
in wetland / per species endangered and protected 







$/household/year per km of waterways in the catchment remaining in good health 
4  Van Bueren and Bennett 
(2004) 







$/household/year per 10 km restored waterway for fishing or swimming 









$/household/year and one-off per % of river covered with healthy native vegetation / 
per fish species / for fishable/swimmable water quality whole river / per waterbird / 
per other fauna species 
6  Whitten and Bennett 
(2005) 







$/individual one-off per 1000 ha healthy wetland / per 1% increase in native birds / 
per 1% increase in native fish / per species that benefits 






$/household/year per % of unallocated water in reserve above Water Resource Plans 
limits 
8  Windle and Rolfe (2004)  2003  Fitzroy  Brisbane  $/household/year and one-off per % of river estuary in good health 
9  MacDonald and Morrison 
(2005) 
2003  Upper South East  South Australia  $/household/year for next 5 years per 100 ha wetlands 









$/household/year per % of waterways in good health 
11  Kragt et al. (2007)  2006  Goulburn  Inside catchment 
Gellibrand 
Melbourne 
$/household one-off per % native fish species and population level / for % of river 
length with healthy native vegetation / per native waterbird and animal species / for 
river suitable for primary contact recreation (swimming/paddling) 
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Table 2.  Summary study characteristics 





cards alternatives  attributes 
Payment vehicle  Payment 
frequency 
Statistical model 
% men  Age  Income 
1 294 n.a.  Face-to-face  9  3  6  Water rate  Annual  MNL  58  40  69,975 
2  777  49  Drop off-pickup  8  4  5  Levy on water rate  Once  MNL  57  44  66,860 
3  1222  51  Drop off-pickup  5  3  5  Local tax rate  Annual  MNL+NL  47  42  48,200 
4 1569 16  Mail  5  3  5  Environmental  levy  Annual  NL  62  50  52,350 
5 1960 38  Mail  5  3  5  Water  rate  Annual+Once  NL  62  53  52,370 
6  1274  31  Mail  5  3  5  Levy  Once  NL  60  50  52,350 
7  785  59  Drop off-pickup  5+8  3  5  Environmental levy  Annual  MNL  47  43  47,100 
8  453  50  Drop off-pickup  8  3  5  Local tax rate  Annual+Once  MNL  50  43  46,800 
9  850  38  Mail  6  3  4  Levy  Annual  MNL+CH+RPL  55  52  41,225 
10  1667  56  Drop off-pickup  5+6+8  3+5*  4+5+6  Local tax rate  Annual  MNL  46  42  50,025 
11 390  17  Mail  5  3  5  Trust  Fund  Once  MNL+NL  60  53  54,470 
 
Explanatory notes:  
n.a.: not available. 
* Only study which also uses a labeled design (i.e. alternatives are labeled). 
MNL: Multinomial (conditional) Logit; NL: Nested Logit; CH: Covariance Heterogeneity model; RPL: Random Parameters Logit. 
Response rate, %men, age and income are calculated averages. Income is household income in 2006 prices.  
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Table 3.  WTP values for different good, site and study characteristics (price level 2006) 
Annual payments    One-off payments   
Good and site characteristics  Mean 95%  CI n  t p  <  Mean  95%  CI  n  t p  < 
Ecosystem                     
Rivers 6.6  3.4-9.9  44        23.6  13.4-33.8  49     
Wetlands 1.3  1.0-1.6  7  3.288  0.002    7.6  1.9-13.3  13  2.799  0.007 
Environmental attribute                     
Healthy  waterways  4.0  2.0-6.0  28       0.3 -3.1-3.7 2     
Healthy wetlands  1.3  1.0-1.6  7  2.738  0.011
1    3.4 -7.3-14.1 4  -0.923  0.423
1 
Healthy native vegetation  -            3.1  2.3-4.0  12  -0.079  0.942
3 
Environmental  flow  41.5  -123.2-206.1  2       -       
Water birds  -            6.7  1.2-12.2  13     
Native fish species  -            4.4  3.2-5.7  12  -0.875  0.397
4 
Quality-fishable -            51.6  40.5-62.7  7     
Quality-swimmable -            97.0  79.4-114.6 7  5.336  0.001
5 
Option value  4.5  2.0-7.0  8  -0.364  0.719
2    -       
Catchment                     
Fitzroy 2.0  0.9-3.1  19  1.208  0.241
a   0.3 -3.1-3.7 2     
Murrumbidgee -            24.7  2.6-46.8  13     
Gwydir -            24.4  3.5-45.4  14  0.017  0.987
d 
Goulburn -            4.2  3.6-4.8  16     
Upper South East  1.3  1.0-1.6  7  3.384  0.002
b    2.9 -33.4-39.1 2  0.463  0.723
e 
Other 10.2  4.8-15.6  25  -3.068  0.005




1  Difference between healthy waterways and healthy wetlands. 
2 Difference between healthy waterways and option value. 
3 Difference between healthy 
wetlands and healthy native vegetation. 
4 Difference between water birds and native fish species. 
5 Difference between fishable and swimmable water quality. 
a  Difference between Fitzroy and Upper South East. 
b Difference between Upper South East and Other. 
c Difference between Fitzroy and Other. 
d Difference 
between Murrumbidgee and Gwydir. 
e Difference between Goulburn and Upper South East. 
f Difference between Murrumbidgee and Other. 
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Table 3.   (continued) 
Annual payments    One-off payments   
Study characteristics  Mean 95%  CI n  t p  <  Mean  95%  CI  n  t p  < 
Study  year                     
Before 2000  41.5  -123.2-206.1  2        9.8  0.7-18.9  8     
2000 4.5  -0.2-9.1  18        30.8  17.5-44.1  36     
After 2000  4.5  2.8-6.1  31  0.002  0.998
1   3.7  2.9-4.6  18  1.566  0.161
2 
Survey method                     
Mail 5.4  -1.0-11.8  13        22.6  12.9-32.3  52     
Drop off - pickup  4.1  2.5-5.7  36  -0.440  0.667    7.9  0.4-15.4  10  -2.518  0.015 
Payment vehicle                     
Water rate  20.6  1.7-39.5  7  -2.127  0.076
3   29.9  17.6-42.2  39  4.244  0.001
5 
Local tax  0.8  0.3-1.3  23  -2.978  0.016
4   3.0 -1.7-7.6 7  -0.624  0.555
6 
Environmental  levy  4.0 1.6-6.5  9       -       
Trust fund  -            4.2  3.6-4.8  16     
Number of choice tasks                     
Five 4.5  -0.2-9.1  18  -0.571  0.573
a   22.6  12.9-32.3  52     
Six 5.9  3.4-8.4  19  -0.718  0.481
b    -       
More than six  7.8  -1.0-16.6  14  -0.448  0.661
c   7.9  0.4-15.4  10  2.518  0.015
b 
Statistical model                     
Conditional Logit  6.1  2.8-9.4  38        6.1  2.4-9.8  19     
Nested Logit  7.7  -3.4-18.8  8  -0.316  0.760    26.5  15.1-37.9  43  -3.441  0.001 
Authors                     
Bennett -            4.1  2.9-5.4  21  -4.233  0.001
d 
Morrison 5.9  -1.1-12.8  12        29.9  17.7-42.2  39  -4.887  0.001
e 




1  Difference 2000 and after 2000.  
2 Difference before and after 2000.  
3 Difference water rate and environmental levy.  
4 Difference local tax and 
environmental levy.  
5  Difference water rate and trust fund.  
6 Difference local tax and trust fund. 
a  Difference 5 and 6 cards.  
b Difference 5 and more than 6 cards.  
c Difference 6 and more than 6 cards.  
d Difference Bennett and Morrison.  
e Difference 
Morrison and Rolfe.  
f  Difference Bennett and Rolfe.   R. Brouwer 
Table 4.  Accuracy of marginal WTP estimates (variation coefficient in %) 
Study characteristic  Mean 95%  CI  n MW-Z  p < 
Periodicity          
Annual payments  43.4  24.5-62.2  51     
One-off payments  29.9  24.9-34.9  61  -0.772  0.440 
Sample size          
≤ 200  48.7 29.6-67.8  49     
201-300 29.6  21.4-37.8  27  -2.709  0.007
1 
301-500 28.3  14.2-42.3  15  -0.714  0.475
2 
>500 18.7  12.2-25.1  16  -1.791  0.073
3 
Survey method          
Mail 26.7  21.7-31.8  64     
Drop off - pickup  49.2  28.8-69.6  46  -4.014  0.001 
Payment vehicle          
Water rate  28.0  21.4-34.5  46  -0.229  0.819
a 
Local tax  25.6  19.9-31.4  29  -1.645  0.100
b 
Environmental levy  29.9  23.8-36.1  9  -1.223  0.221
c 
Trust fund  37.3  32.4-42.2  16  -1.868  0.062
d 
Statistical model          
Conditional logit  45.2  28.7-61.7  57     
Nested logit  28.2  22.0-34.4  50  -3.317  0.001 
Authors          
Bennett 32.9  27.3-38.6  21  -2.564  0.010
′ 
Morrison 25.4  19.3-31.5  51  -4.526  0.001
′′ 




1  Difference ≤ 200 and 201-300. 
2 Difference 201-300 and 301-500. 
3 Difference 301-500 and >500. 
a  Difference water rate and local tax. 
b Difference water rate and environmental levy. 
c Difference local 
tax and environmental levy. 
d Difference environmental levy and trust fund. 
′  Difference Bennett and Morrison. 
′′ Difference Morrison and Rolfe. 
′′′ Difference Bennett and Rolfe. 
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Table 5.  Tobit regression results (marginal effects) 




Covariate  Estimate  Standard error Estimate  Standard error
Good and site characteristics       
Water quality  0.939
* 0.513  1.177
** 0.514 
Healthy wetlands  -1.943
*** 0.523 -2.102
*** 0.469 
Native vegetation  -1.455
*** 0.517 -1.211
** 0.506 
Native fish species  -1.222
** 0.513 -0.878
* 0.495 
Water birds  -1.401
*** 0.459 -1.074
** 0.435 
Option value  1.517
*** 0.334 1.307
*** 0.328 
Fitzroy catchment  -0.771
*** 0.294 -0.955
*** 0.289 
       
Study characteristics       
Study carried out before 2000  2.765
*** 0.600  -  - 
Study carried out after 2000  -0.439
** 0.200  -  - 
Sample size  -0.002
*** 0.0004 -0.003
*** 0.0004 
Mail survey  2.624
*** 0.512 2.318
*** 0.481 
Number of cards shown = 6  1.909
*** 0.322 2.042
*** 0.326 
Number of cards shown > 6  0.562
* 0.328  1.080
*** 0.242 
Payment vehicle = local tax  0.629
** 0.293 0.440 0.287 
Accuracy (standard error)  0.019
*** 0.006 0.020
*** 0.006 
       
Population characteristics       
Household income (natural log)  0.078
*** 0.025  0.139***  0.023 
        
Model summary       
Standard dev. fixed effects (σε)  0.565
*** 0.039 0.578
*** 0.040 
Standard dev. random effects (σu)  - -  0.869
*** 0.156 
Log Likelihood  -91.747    -99.188   
Number of observations  108    108   
 
* p<0.10; 
** p<0.05; 
*** p<0.01. 